Abstract In this article we present a brief overview of the results of our design, construction, calculation and assembly work in the construction of two boilers for Chile, with the main intention of protecting their membrane walls against seismic effects.
INTRODUCTION
In 2007, Slovenské energetické strojárne, a.s. (Slovak Power Engineering) Tlmače began design work on the supply of two pulverized coal boilers with installed output of 2×370MWe to South America. While the boilers were designed for two different clients, their placement was in the same locality, i.e. the western coast of Chile, in the vicinity of the city of Coronel. It is widely known that this region is a very active seismic area. From the viewpoint of the probability of occurrence and possibility of achieving peak intensity earthquakes, it belongs among the most dangerous places in the world. The city of Coronel is located only 30km from the city of Concepción, where on May 22, 1960, the strongest recorded earthquake to date in the world, with a magnitude of 9.5 degrees on the Richter scale, occurred. Accordingly it is obvious that in the drawing up of the contract extraordinarily strict demands were placed on the designers and constructors such that seismic resistance and reliable operations up to 8.5 degrees on the Richter scale were ensured. A further challenge for the facility`s design. …. Figure 1 : Location of the power plant and…construction proposal, as well for the quality of its assembly, was the requirement of rapid reparability and return to operation, within two weeks in the case of damage resulting due to seismic excitation.
BODY
Start up of boilers and connecting it to the country's energy grid was conditioned on the receiving of a certificate from an independent seismic specialist who, in light of the country's valid 
Figure 2: View of a Colbún power station
Even before the beginning of the design work, due to the expected enormity of the seismic load, special research background was conducted directly on the site of the construction with reference to the appearance and distance of tectonic faults. A basic calculation value of seismic acceleration of 0.46 g was established. In consideration of this burdening, calculations were carried out on the pressure system of the boiler, all the auxiliary equipment and the constructions securing its functionality, the bearing construction, and the anchoring parts of the facility. All of these calculations, which form part of the hand-over protocol, had to undergo approval by the receiving party as preconditions defined for the conclusion of a contract. Putting the facility into operation was also performed in light of satisfying all of the requirements of Chilean legislation. An exceptionally demanding task awaited the constructors and designers in the complete preparation of all the analyses, in the progressive resolution of exposed localities in terms of extreme seismic load, the presentation and consultation of analyses with empowered seismic specialists, and the preparation of documentation for the process of approving the seismic resistance of the equipment.
The preparation of a complex dynamic model lasted several hundred hours. The model included all the shape, stiffness and mass parameters of the individual parts of the facility and their mutual interaction, in such detail that the results would be maximally dependable and transformable into further simpler models of the specific equipment or construction details.
The demands of the mathematical model are proven by the fact that it stretched the limits of the hardware and software capacities of the SES Company. The calculation of the shapes and dynamic load through a response spectral method itself took about 8 hours, with the number of executed calculations reaching several dozen.
Figure 4: Selected parts and parameters of the dynamic model of the facility
Another very important component of the computer model was a detailed simulation of the boiler's membrane walls. For this simulation was used a special substitutional geometry of the wall which allows the capturing of its orthotropic properties [1] . We will devote a number of independent articles to this issue in the future.
In the computer model, a complete system of buckstays was considered in order to display a realistic assessment of the dynamic characteristics of the entire boiler membrane structure. The structure is the cover of the combustion chamber and the area filled by vertically hung convection heating tubes. Since due to the vibration of the boiler their mutual contact could take place, it was necessary to calculate the load resulting from this mutual interaction on the strain on the walls. It must however be realized that the mass of the membrane frame of the boiler with its bandaging,
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together with the mass of the heating tubes, insulation, filling and deposits, amounts to about 3340 tons.
Figure 5: Boiler membrane structure with buckstays and convection heating tubes
Another problem that the designers had to solve was the requirement of delimiting the position of the boiler by the use of horizontal guiding. Whereas in the majority of facilities which are not subject to seismic effects, the design for the guiding system is a routine and problem-free affair, in this case it was one of the key problems on which the seismic resistance of the complete facility would depend. The boiler's guiding system was originally worked out by classic engineering processes, with the hope of using some of the systems applied in the past. But not even the most sophisticated of these could manage to deal with the problem of the existence of extreme dynamic load which in certain locations of the boiler guiding exceeded a value of 2000kN, and this even with the application of a reduction coefficient conforming to the ductile properties of the boiler construction. And although elements of the construction of the guiding were designed from the standpoint of fulfilling the conditions for material strength and stable resistance to such extreme load, the weakest part of the system proved to be the parts of the membrane structure to which the relevant elements of the boiler guiding were to be connected.
Dynamic calculations of a number of alternative construction solutions for the boiler guiding showed that it was not possible to achieve the required seismic/mechanical resistance of the membrane walls; this is conditioned by the tubes and fins, which are in conformity with the process design of this part of the facility. This led directly to the idea of restricting the dynamic load in each locality to a value which the membrane walls would be capable of bearing, and thus protect them against seismic effects with the simultaneous fulfillment of the requirement for the boiler guiding. But how to achieve this when the value of the load in the guiding or in the wall is proportional to the amount of movement of the membrane wall at the point of connection of the guiding elements and their stiffness characteristics? The principle for the problem's solution lay in the using of an σ-ε working diagram for ductile materials. After surpassing the bounds of yield stress of the material in the cross-section of the test sample, a rapid increase in plastic deformations with a minimal growth in the load required for their development occurs. Dimensionally suitable localized ductile boxes were compounded into the boiler's guiding system to serve as natural restrictors of the amount of load. In place of the rods typical for samples used in tensile tests, sheet metal segments designed as beams of equal stress were used. After the exceeding of the set value there occurred a sudden total plasticity in the entire volume and a releasing of deformation without an increase, or with a minimal increase, of load. This brought about a completely plastic state and corresponded to the bearing capacity of exposed localities in the boiler's membrane walls. Since a different load is at work in each locality of the boiler's guiding, the necessary value in the ductile boxes is programmable through the thickness of the sheet metal segments, their dimensions and number, or by the selection of the material. 
CONCLUSION
By solving the protection of the membrane walls against the effects of an earthquake its authors and indeed the whole company gained not only valuable experience and a resolution applicable to future issues of a similar character, but also significant acknowledgement from the side of the client, along with the issuing of the certificate needed for connection of the facility to Chile's energy grid.
As was shown right during the construction, the design of a seismic-resistant facility was not a useless waste of energy and financial resources, nor a whim on the part of the client. On February 27, 2010, Chile was struck by one of the world's five most powerful recorded earthquakes, with a magnitude of 8.8 degrees on the Richter scale. In the very locality of both constructions tremors reached 9 degrees on the Mercalli scale. Even though the earthquake claimed 700 lives and caused serious material damage in the vicinity of the cities of Coronel and Concepción, the facilities endured almost 90 seconds of tremor without damage of any kind. They were put into full operation in June of 2012.
